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ABSTRACT
PLANIT is a computer program that aids the architectural designer in the 
solution of functional relationships, The program allows the designer to inter­
act with the computer, through the typewriter or the CRT, to provide input data 
or decisions during execution. The input data consists of various labels and 
constants for the rooms and parameters to be satisfied. The parameters consist 
of three types: 1) mandatory linkage between two rooms, 2) prohibited linkage
between two rooms, and 3) any side of a room may be specified unlinked for 
solar exposure, PLANIT generates the solutions by randomly distributing the 
given set of rooms and then testing the random configuration against the para­
meters ,
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1.0 INTRODUCTION TO COMPUTER-AIDED DESIGN
Most people readily appreciate the usefulness of the computer in the solu­
tion of mathematical problems but fewer understand how a machine can augment a 
human being in the "creative process."
The key lies in the knowledge that the "creative process" contains non- 
creative sub-processes. These sub-processes represent the description of the 
concept in understandable terms (graphic, verbal, or written) and the considera­
tion of this description in the decision making process»
It is my goal to develop fast, high-accuracy "feedback" methods that would 
permit a designer to effectively obtain the results of a design decision, so 
that the decision can be quickly analyzed as to its effect on the total design, 
(which itself can be analyzed in larger definable terms) and in this way to 
encourage experimental testing of previously untried approaches, since very 
little "investment" is needed»
Care must be exercised in the use of the term computer-aided design so as 
to avoid crediting the machine with the ability to think, I consider computer- 
aided design to be the application of the computer program, or set of computer 
programs, which the designer has at his disposal, to a discrete and definable 
problem and whose output represents the analysis or production of some design 
consideration (e„g., cost, weight of structures, aesthetics, functional suitability, 
etc.). Of that list, "aesthetics" is not programmable, except in a very restricted 
sense. Computers do not think but they can act; the directive thought comes from 
the designer and the action is left to the machine. Therefore, the designer can 
make decisions based upon a computer produced representation of objects.
2The program I have been developing, PLANIT, represents not only my initial 
"design" program but does demonstrate the potential interaction between designer 
and computer. It handles only one discrete segment of the design process, namely 
generating configurations which satisfy the functional requirements of the opera­
tion and presenting them to the designer for his consideration.
The program demonstrates that a designer can utilize a computer to "crank- 
out" the repetitive tasks of the design process and to provide him with a more 
complete description of the problem and the proposed solution.
32,0 OVERVIEW OF THE PROGRAM
One of the primary operations in the solution of architectural design 
problems is the solution of functional relationships or the "bubble" diagram, 
PLANXT is a computer program that provides the designer with various combinations 
of a given set of rooms that are restricted by a given set of parameters. Both 
the set of rooms and the parameters are part of the input data provided by the 
designer. The parameters may be one of three typest (1) mandatory linkage 
between two rooms, (2) prohibited linkage between two rooms, or (3) any side of 
a room may be left unlinked for solar exposure, PLANIT generates the solutions 
by randomly distributing the given set of rooms and then testing the random 
configuration against the parameters. If the configuration satisfies all the 
parameters, it is considered a solution.
The program promises to be widely applicable to many situations such as 
varying site conditions. Presently the program is formatted for housing para­
meters (linkage between rooms and solar exposure) but further study should reveal 
additional parameter types.
The basic assumptions of the program ares
1) a "room" is a square with North at the top and East, South, and 
West proceeding clockwise.
2) a room is connected only along the four sides.
3) a "plan" is a configuration of rooms in which every room is connected 
to some other room.
4) a room is labeled by the FORTRAN rules for identifier labels.
5) a linkage parameter is one that specifies either a mandatory or 
prohibited connection between two rooms.
46) an exposure parameter is one that specifies a side of a room not 
to be connected.
The basic limitations of the program (ignoring the present core limitations 
of the CDC 1604 computer at theCoordinated Science Laboratory) lie in the assump­
tions that only square rooms with 4 connectable sides are used, implying the use 
of grid planning. It should be noted, though, that the use of grid planning is 
on the increase since it has shown to be a more modular and hence more economical 
system.
DESIGN is a routine callable from PLANIT which allows the designer to 
determine the parameters for PLANIT is a more interactive method. An interactive 
system, as opposed to batch processing and other modes, allows the designer to 
work his problem one step at a time rather than in one shot. By this I mean 
that he can see the results (by means of some output form) of decisions early 
in the design process and then can base his next steps on those results. The 
next steps can also utilize computer programs. This back-and-forth operation 
allows the designer to retain control over the design process yet at the same 
time he can utilize automated design procedures.
My criterion of the complexity of interaction between a person and the 
computer is that only one hour be necessary to instruct that person on how to 
use the program, assuming that person has no previous computer knowledge. This 
criterion is satisfied by the simplified input/output procedures. Most of the 
information that the program requires is inputted by responses to questions on 
CRT displays which usually require only a "yes" or "no" answer. The program 
contains routines to detect various possible errors in the input process and 
diagnostic error messages are displayed to allow the user to continue his work.
5The program can either finish by itself, after generating a given number of 
configurations, or an exit to the resident monitor (and back to system control)
can be made in DESIGN.
62.1 PROGRAM STRUCTURE
The program is divided into two basic parts" PIANIT and DESIGN. DESIGN 
is the interactive input subroutine to PIANIT. The routine PIANIT consists of 
three parts;
1) PIANIT - the main program.
2) ARAYCHK - a subroutine which allows the operator to inspect the 
contents of the arrays that PIANIT uses.
3) TICSAP - this "routine" contains the type declarations, dimension 
statements, and common declarations. (Most of the variables are 
typed integer except "x" and all alphanumeric data.)
The sections of PIANIT are executed sequentially while those of DESIGN 
are a series of local routine that are called from scattered positions throughout 
DESIGN.
DESIGN itself can be called from various places in PIANIT by a "yes" 
response to the question; "IS RETURN TO DESIGN DESIRED."
73.0 PLANIT
PLANIT is a FORTRAN program that generates random configurations for 
a given set of areas and yields solutions to a given set of parameters. The 
parameters consist of two types:
1) Exposure - any room can have North, East, West, or South exposure 
(a maximum of three)
2) Linkage - any two rooms can be specified to be together (‘'YES'* 
linkage) or separated ("NO" linkage).
Data for the program can be stored on magnetic tapes or typed in at the console 
in response to questions generated on the CRT display unit.
After the data has been inputted (the program stores the data in the 
proper matrices) the random number generator, which is seeded at the console, 
is used to give random placement to the rooms on a R by R site grid. After 
the rooms are placed, the configuration is tested to assure that every room is 
connected to some other room. If not, it isn’t considered a ‘'plan1' and a new 
attempt is made. The parameter matrices are then scanned for parameters (the 
initial values of the arrays are null values) and when a parameter is found, the 
randomly generated configuration is checked to see if the parameter is satisfied. 
If not, it isn't a solution and a new attempt is made. If all parameters are 
satisfied, the configuration is considered a solution and is displayed on the 
CRT as well as being printed out on the line printer. If jump switch 3 is set, 
the display is skipped and more attempts are made. Otherwise the display delays 
execution until the operator releases it or transfers control to the DESIGN 
subroutine, by his response to a CRT generated question. If jump switch 2 is 
set during execution, a display is activated to allow the operator to know how
8many attempts have been made. He can then continue execution.
The arrays and their functions are as follows“
CHAR - A dimension 6 linear array that contains the labels given to the 
areas for a given problem (received during the input process)
ROOMA - A dimension 6 x 4  (room by side) array that holds the exposure 
parameters. The row is the element number of the CHAR array 
and the column is N, E, S , or W, respectively; the side to be 
exposed. The array is initialized to 1 with 0 meaning not 
available for linkage (to be exposed).
ROOMB - A dimension 6 x 6  (room by room) array to hold the linkage
parameters. It is initialized to 0 and a yes linkage repre­
sented by +1 and a no linkage by -1. By comparison of the 
row and column, only the upper half of the array is used.
PLAN - A 6 x 6 array to hold the randomly generated configurations.
PLANR - Dimension 36 linear arrays to keep track of the random positions
KTRAK1 of a given configuration so each room has a unique position.
PLAN2 - An 8 x 8 array (R + 2 by R + 2) which "fits'* over the PLAN 
array so that end conditions are avoided.
BUFFER - Dimension 1,000 is packed by the display routine to be acti­
vated for the CRT displays.
ANAMES - Dimensioned 10 and contains the names of the arrays that can 
be examined by the ARAYCHK subroutine.
The first part of PLANIT initializes all variables and the arrays. The 
next section is where the data is inputted. As each bit of data is entered, it 
is checked by the program for various errors and diagnostic error messages are 
displayed if errors are detected. This is a necessity in ah interactive system 
since one does not want to get "wiped out" by a mistyped symbol. Therefore 
the program does not "accept" a wrong input but rather it asks the operator to 
re-enter it after reading the diagnosed error message.
After the data is entered the decision to call ARAYCHK is determined by 
the answers the operator gives to questions that are displayed.
9The next section of statements allows the operator to get a paper tape 
punched of the data he has inputted so that he can store it on magnetic tape.
Before the main program loop is reached, the random number generator is 
seeded at the typewriter console. CL0CK2 = CL0CK2+1 becomes the start of the 
large program loop since the variable CL0CK2 counts the number of attempts 
made. KILL is the maximum number of counts to be made (determined during input). 
More initializations are now made since new plans are to be generated which are 
totally independent of those previously generated.
The next statements generate the random configuration (by using numbers 
from 1 to R-squared) making sure each room has a unique position and again, the 
operator is asked if any arrays are to be inspected by the subroutine ARAYCHK.
The PLAN2 array is initialized and then the PLAN2 matrix has the PLAN 
matrix superimposed in the center and each room within the PLAN matrix is tested 
to see if it is connected to some other room. The ROOMA matrix is now scanned 
for exposure parameters, and upon finding them, checks the PLAN2 matrix to see 
if they are satisfied. If not, a new plan is generated by the statement GO TO 
15500. Otherwise a minus sign denotes a space used for exposure. The same 
process is used for the ROOMB matrix, (if all exposures are satisfied) to check 
the linkage parameters.
The final section of the large program loop represents the printout of a 
solution and its display (if sense switch 3 is not set). Control is then returned 
to the start of the main program loop to generate more plans. If the maximum 
number of attempts is reached, control is transferred to the final printout and 
last question, which is "IS RETURN TO DESIGN DESIRED." At this point a "NO" 
response terminates the program. A "YES" response calls the DESIGN subroutine.
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3.1 DESIGN
DESIGN is a machine language subroutine, callable from PLANIT, that allows 
the operator (designer) to input the data for PLANIT by means of an interactive 
design program instead of alphanumeric data. Machine language was used because 
of the displays desired.
DESIGN paints a R x R grid on the CRT display screen with the room labels 
to the left of the grid and various command "buttons" above and below the grid0 
These "buttons" are activated by depressing the light pen over the one to be 
used. There is a status board to the right of the grid that tells what the 
program expects to receive next (a command, first argument, or second argument) 
and lists the parameters generated by the designer in the spaces below.
The upper row consists of five command buttons which are“
MOVE - the first argument required is one of the room labels. The
second argument is a position on the grid. Verbally expressed, 
it says, "move (A) to position (6)." A room can be moved while 
already on the grid.
X - exchange, argument 1 is a room label and argument 2 is some other 
room label. Verbally expressed "exchange the position of (A) and 
(B)."
EXP - exposure, one of the parameters generating commands. Argument 1 
is a room label and argument 2 is a position connected to the 
first room. Verbally expressed "Expose (A), (North)." The status 
board would display the parameter A N.
LYES - "YES" linkage. The other parameter generating command where 
argument 1 is a room label and argument 2 is a different room 
label. Verbally expressed, "There is a YES linkage between (A) 
and "B"." The status board would show the parameter on the 
next available line as A B YES.
LNO - "NO" linkage but operates the same as LYES.
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The bottom row of commands are more external to the design and are:
C - correction operation. If activated while in the middle of another 
command it returns the program to the waiting-for-command state. If 
activated as a command, it "erases" the last parameter on the status 
board ("peel-back" operation).
P - to take a photo of the display.
F - In operations with the light pen a delay is provided to avoid
S activating the same button more than once. If the delay is too 
long, F will shorten the delay for a faster operation. S will 
increase the delay for slower operation.
HELP - This is a display to help the designer if he gets confused.
EXIT - This will return the operator to the resident monitor and out 
of program control.
GO - This is the command that unpacks the status board and puts the 
parameters into the proper PIANIT arrays which are in common; 
control then returns to PIANIT having finished the input operations.
DESIGN can be accessed from several places in the program if the operator 
wishes to return the same set of rooms with different parameters. When DESIGN 
is called, the last plan generated is displayed in position on the grid complete 
with minus signs.
Before the local routines to DESIGN, SETBUT, PUTGRID, LEFTBUTN, GRIDBUTN, 
and STATUS are executed, the variables BFPTR, which points to the next available 
position in the buffer, FLAG which is the command number, and AKOUNT which tells 
which argument is to be sought are initialized.
SETBUT is the routine that sets the buttons on the display. It requires an 
X and Y coordinate position (since the scope can be referenced as a 4096 x 4096 
grid). An action such as ACTMOVE, and the characters to represent that action 
that are to be displayed (i.e., MOVE). These are data items listed at the end 
of the program respectively as X, Y, ACTION and CHRS in the location field.
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PUTGRID puts a R x R grid over the region defined by XLEFT and XRIGHT,
YTOP and YBOTTOM.
LEFTBUTN puts the labels of the R areas to the left of the grid.
GRIDBUTN puts an asterisk (*) in the middle of each box defined by PUTGRID 
so that the positions can be referenced by the light pen.
The last local routine STATUS sets up the status board for 20 parameters 
and sets index register 6 to keep count of how many parameters there are. Also 
the first location WAIT followed by blanks is set. The blanks are later replaced 
by the characters COMMAND, ARG 1, or ARG 2 as required. After the display is 
set, a test to whether or not SHOWD (the routine which paints the last plan on 
the screen) is made. Then CHKBUT is called. CHKBUT first sets the STATWORD 
to COMMAND, ARG 1 or ARG 2 as required and since the display is activated as a 
circulating buffer, it is immediately added at location CHKGO. The call to 
ACTSCOPE is what continually activates the buffer and the call to FETCHPEN 
activates channel 5, the light pen, and looks for a response. In other words, 
it checks to see if the light pen is pointing at something. If so, the status 
word is set to blanks so that the operator can tell that the computer received 
his response and WAITBUTN is executed. WAITBUTN is the local routine to DESIGN 
that provides the delay after the light pen is sensed to be looking at something 
on the screen. (NN is the variable that is the delay counter and is changeable 
by the commands F or S, faster or slower). After WAITBUTN, control is trans­
ferred to the command that the pen was pointing to or an error is sensed and 
control returns to CHKBUT. Within the commands, the accumulator returns with 
what the light pen "saw" so that room labels can be identified and/or grid
13
positions can be determined. Therefore, the elements of the proper arrays can 
be addressed knowing that the variables GRIDBVSR and LEFTBSTR are the starting 
positions in core of the grid buttons and left buttons, respectively.
14
4.0 CONCLUSION
PLANIT, and its subroutines, considers only a small segment of the total 
design process, yet in that position it gives the designer a new outlook on 
his designs. Because of the speed of the computer, the designer is able to see 
many more possibilities than he ever could before. Moreover, the program does 
something the designer cannot; it can give him a number of totally unrelated 
plan configurations that equally satisfy the restrictions he placed on the set 
of rooms. This could not be done by conventional methods because the designer's 
second plan solution would be:
1) similar to the first 
OR
2) a "different" approach than that used for the first
Either way the second plan is some function of the first plan (similar or 
different). This phenomenon exists because the designer remembers the first 
plan while he develops the second (even if he doesn't remember the room positions, 
he will remember his thoughts about the problem). This problem does not exist 
with the computer because the arrays that contain the configuration are re­
initialized before each plan is generated; a completely clean slate.
It can be seen, then, that there are advantages and disadvantages to the 
use of the computer is architectural design but that proper utilization of the 
strong points of each makes for an extremely valuable design method.
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